Aim The aim of this clinical paper is to introduce a technique to plan for functional maxillofacial reconstructions. Materials and Methods Preoperative dental casts were made of the patient and mock surgery performed on the casts. A fibula analogue was then placed in an ideal functional reconstruction position. New dentures were fabricated on the fibula analogue and drill holes for the placement of implants were placed through the denture. This denture formed as a guide to position the fibula transplant during surgery. Results This technique was useful in producing functional and rehabilitative outcomes in cases of both maxillary and mandibular reconstructive surgeries. Conclusion The Jugaad technique-denture based inverse planning-is a cost effective method for planning and executing maxillofacial reconstructions using mock surgery on casts and interim dentures.
Introduction
In patients who undergo large ablative surgeries of the jaws, reconstruction is done using vascularized bone containing free flaps. The ultimate goal of maxillofacial reconstructive surgery is to improve functional, esthetic and quality of life outcomes. Implant supported dental rehabilitation improves the oral health related quality of life in patients with reconstructed jaws [1] . Among various donor-site options, the free fibula flap is the method of choice for mandibular reconstructions. However, the fibula bone is a relatively straight bone, the anatomy of which differs considerably from the native mandible.
It is clinically challenging and time consuming to osteotomize the straight fibula flap into the shape of the mandible. Additionally, the alveolus of the mandible (responsible for the functioning of housing the teeth) is in a different sagittal/transverse position as compared to the basal bone of the mandible (that is responsible for esthetic outcomes) [2] . In these complex cases, failure to incorporate this aspect while performing the reconstructive surgery often produces postoperative results that would make oral rehabilitation extremely difficult or impossible.
At present, to solve this issue and obtain predictable outcomes, image guided planning software as well as the use of STL models have been proposed to achieve excellent functional outcomes [3] . However, due to the cost involved, it becomes impractical to apply these techniques in all situations, especially in developing countries like India, where there is no insurance that will cover planning for reconstructive surgery [4] . Hence, it is of importance to innovate cost effective methods to plan for reconstruction.
The aim of this technical note is to introduce the ''Jugaad technique'', a cost effective method for planning and executing maxillofacial reconstructions using mock surgery on casts and interim dentures.
Description of the Technique Preoperative Planning
Upper and lower impressions are taken and two sets of casts are poured. Jaw relations are recorded and transferred. Mock surgical resection is carried out on the cast corresponding as much as possible to the surgical plan. A preformed triangular bar with width of approximately 1.2 cm is made that acts as an analogue to the fibula. This bone is then placed in relation to the cast that would provide a good base for the support of dental rehabilitation. The fibula analog is attached onto the altered cast in the desired position using multiple layers of sticky wax or putty. A wax-up of the denture is created with the fibula analogue as the base and teeth arrangement done (Figs. 1, 2).
Care is taken to provide about 2-3 mm of relief under the denture to accommodate for the soft tissue thickness. If a skin paddle is planned that would replace the intra-oral lining, a larger relief is provided. As it is difficult to predict the soft tissue outcomes immediately post reconstruction, the soft tissue flange extensions are kept minimal.
Once the wax-up denture seems to be arranged in a functionally ideal position, it is then acrylized. The acrylized denture is then reintroduced onto the mounted altered cast with the fibula analogue, and the positions of the implants are decided. Once again, the position of the fibula analogue is checked to be in a functionally ideal position. Drill holes are introduced into the denture to pass through the fibula analogue. This denture will serve as the surgical stent that will guide the position of the fibula in the oral cavity. It is useful to provide some means by which the surgical stent can be attached onto the remaining dentition (or the opposing dentition), either with wire holes or clasps or denture hooks.
Surgical Steps
The resection is carried out according to plan. The denture stent is then wired onto the remaining mandible (or attached to the maxilla in cases where it is not possible to attach the stent onto the remaining mandible). The fibula bone is harvested and the required osteotomies done. The fibula is then introduced into the recipient site. The denture stent now determines the position of the fibula bone. The fibula bone is manipulated till it sits in the preoperatively determined position that is ideal for functional rehabilitation and plated with osteosynthesis screws or plates.
Through the implant drill guides incorporated in the denture-stent implant osteotomies are made into the underlying fibula. The denture-stent is then removed and implant inserted as per manufacturers protocol. If an implant is used which comes with an implant carrier, the denture is placed on (through) the implant carrier to confirm the positions of the implants as well as the fibula bone. This makes sure that the position of the fibula is ideal to result in a functional rehabilitation.
Discussion
Various reviews have shown that only about 15-25 % of patients who have been reconstructed end up with dental rehabilitation, the remainder of patients staying functionally crippled [5, 6] . One of the causes for such a low rate of rehabilitation is that the reconstructed bone is in a poor relation to support implants. Hence it is of prime importance to predictively reconstruct jawbones with occlusal rehabilitation in mind. Rohner et al. [7] had stressed on the importance of occlusal rehabilitation centered functional reconstruction as early as 2002. Among various methods to reconstruct the jaws, prefabricated planning of fibula with computer assisted design and computer assisted manufacturing have brought in cutting edge technology into reconstructive surgery. These image guided treatment planning and execution improves the accuracy of reconstruction as well as the rates of rehabilitation [7] . Recently, Koch et al. [8] had described a method of planning and executing mandibular reconstruction using CAD CAM technology that produces dentures and dolder bars which act as external fixators. These techniques definitely provide far superior and predictable outcomes. However, they are expensive treatment modalities that are not practically possible for all patients in a resource-constricted setting.
The technique described in this paper has been aptly named ''Jugaad technique''. ''Jugaad'' as per the definition from Financial Times Lexicon (www.lexicon.ft.com) is a word taken from Hindi, which means ''finding a low-cost solution to a problem in an intelligent way, by not seeking sophistication or perfection by over-engineering products, but rather about developing a 'good-enough' solution that gets the job done''.
Jugaad technique requires the use of commonly available dental materials such as polymethyl metha acrylate, polymeric impression compounds as index material and fabrication of interim dentures as surgical guides. Not only are the costs for such planning minimal, it also produces the desired functional outcome. The authors use high-end planning solutions for affordable patients, but reserve this technique for the patients who cannot bear the costs for CAD CAM based solutions. To conclude, the described ''Jugaad technique'' is not meant to be superior in terms of accuracy, but is a low cost option. Using this technique, it is possible to provide functional reconstruction even in cases where there is no access to high-end, state-of-the-art technological solutions.
